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The epidermis consists of a heterogeneous population 
of cells including Langerhans cells, Merkel cells, mela-
nocytes, and keratinocytes in various stages of differ-
entiation. The current study was undertaken to deter-
mine if skin cell suspensions can be separated into mor-
phologically and/or functionally distinct fractions. Skin 
cells were suspended by trypsinization and separated 
into multiple fractions by velocity sedimentation. Cer-
tain fractions reproducibly stimulated proliferation of 
allogeneic lymphocytes in the skin cell lymphocyte re-
action, whereas other fractions, containing larger cells, 
supported growth of keratinocyte colonies in cell cul-
tures. These results indicate that stimulation in the skin 
cell lymphocyte reaction and growth of keratinocyte 
colonies are mediated by distinct cells, separable by 
velocity sedimentation. . 
Keratinocytes, in various stages of differentiation, represent 
the vast majority of cells in t h e epidermis. The Langerhans cell 
(LC), a bone marrow derived cell with immunologic functions, 
represen ts only 2-6% of epidermal cells [1-3]. The melanocyte 
accounts for approximately 12% of all basal cells and the Merkel 
cell is even rarer [4,5]. On histologic tissue sections, keratinocyte 
sub populations can be distinguished by virtue of their size, 
location in the epidermis, and the presence or absence of cell 
organelles (e.g., keratohyalin granules [6]). Each epidermal cell 
type also has a characteristic ultrastructural marker [5,7,8]. 
Further, LC express uniqu e cell surface markers-HLA-DR 
antigen FC" a nd C3 receptors, and the antigen labeled by antibody 
OKT6 [9-12]. 
Despite the presence of such distinctive ch aracteristics on 
these multiple cell types, fractionation of skin cell suspensions 
into homogeneous cell types has proven difficult. The Sta-Put 
apparatus, which separates cells primarily on the basis of size 
using velocity sedimentation, has been used to separate sub-
populations of mononuclear leukocytes [13]. In the present 
study, this method was modified in an effort to separate epi-
dermal cells into subpopulations with different functional prop-
erties. 
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A b brevia t ions: 
BSA: bovine serum albumin 
DMEM: Dulbecco's modified Eagle's medium 
3H-T: :lH-thymidine 
LC: Langerhans ce ll 
P BML: peripheral blood mononuclear leukocyte 
PBS: phosphate buffered saline 
RPM!: Roswell Park Memorial Institute 
SLR: skin cell -lymphocyte reaction 
319 
MATERIALS AND METHODS 
Preparation of Epidermal Cells 
Skin was obtained at surgery and prepared as described previously 
[14]. Briefly, 0.2 mm keratotome slices were incu bated at 37°C in 0.3% 
trypsin (Microbiological Assoc., Bethesda, MD) in 150 mM NaCl, 0.04% 
KCl, and 0.1% glucose at pH 7.3 for 40 min. The resul tant disaggregated 
cells were suspended in Dulbecco's modified Eagle's medium (DMEM) 
(GIBCO, Grand Island, NY) with 20% heat inactivated calf serum 
(GIBCO), 2 mM L-glutamine (M icrobiological Assoc.) , 50 uni ts/ cc pen-
icillin, 50 /lg/cc streptomycin (GIBCO), and 14 mM Hepes buffer (Sigma, 
St. Louis, MO) , (complete DMEM). The cells were then counted and 
viability determined with the trypan blue exclusion technique. The 
epidermal cells were washed twice in phosphate buffered saline (PBS) 
containing 0.2% bovine serum albumin (BSA) , Fraction V (Calbiochem, 
Davis, CAl and resuspended at 4°C in 50 cc of the same solution. From 
this specimen, aliquots were taken (unseparated cells) to serve as 
controls. 
Sta Put Separation 
The cell suspension (2 X 106 ceLls/ml) was placed in a Sta Put 
apparatus (Johns Scientific, Toronto, Canada) in a gradient of BSA in 
PBS ranging from 0.2 to 2.0%. Cells were introduced in to the settling 
chamber and allowed to settle for 90 min prior to collecting 30 fractions 
of 50 ml each. The separation was carried out at 4°C under sterile 
conditions as outlined previously [13]. Aliquots were taken from each 
fraction with cells sufficient for morphologic examination, determina-
tion of cell diameter, determination of cell viability before plating on 
thin collagen gels, and for use as stimulator cells in the SLR. 
Siliconiza.tion of the Sta P ut Apparatus 
EC The appru·atus was immersed for 5 sec in a 1% aqueous solution 
of Siliclad (Becton Dickinson, Co., Pru·sippany, NJ) , rinsed and dried 
at room temperature for 24 hr. 
Light a.n.d Electron. Microscopy 
For light microscopy, 3 adjacent. fractions were placed on a glass 
slide and ai.r d.ried. The slides were fixed with methanol and stained 
wi th either hematoxylin, Giemsa, t.oluidine blue or Paragon (Eastman 
Kodak, Rochester, NY) stain. For electron microscopy, the cells were 
fixed in 3% phosphate buffered glu taraldehyde for 1 hr, washed wi th 
PBS, postfixed with 2% OsO. for 1 hr, washed and dehydrated with 
successive graded alcohols [15]. The cells were embedded in Epon 812 
and polymerized in a 58°C oven for several days prior to cutting thin 
sect.ions which were examined wi th a Siemens lA Elmiskop. 
Shin Cell-Lymphocyte R eaction (SLR) 
The SLR was performed as described [16]. Peripheral blood mono-
nucleru· leukocytes (PBML) were obtained fTom 2 volunt.eers unrelated 
to the ski.n donors, and in each micro titer well 50,000 PBML were 
mixed with 50,000 epidermal cells in Roswell Park Memorial Instit.ute 
medium (RPMI 1640) (GIBCO) supplemented with 10% heat inacti-
vated pooled human serum, 2 mM L-glu tamine (Microbiological Assoc.), 
50 units/cc penicillin and 50 /lg/ cc streptomycin (GIBCO) (complete 
HPMI). Triplicate cultures were cruTied out in an atmosphere of 5% 
CO"/95% aij· in a fina l volume of 0.2 ml. On the 6th day of cu lt.ure, 1 
/lCi of :lH-thymidine ("H-T) (New England Nucleru·, Boston, MA) was 
added per well and 18 hr later the cultures were hru·vested with a 
MASH apparatus (Microbiological Assoc.) . The incorporation of :lH_ T 
into DNA was measured in a liquid scint illation counter (Beckman, 
Irvine, CAl. 
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Culture of Keratinocytes 
For keratinocyte cultuTes, epidermal cells were resuspended in com-
plete RPM! and plated at 2 X 10" viable cells/em' in 3.5 em plastic 
Petri dishes (Lux, Thousand Oaks, CAl which had been coated with 
a th in layer of ac id-soluble collagen extracted from ad ul t rabbit skin 
[14]. The fo llowing day t he media was changed to complete DMEM. 
After 14 days in culture, cell colonies were scored for growth on a scale 
ranging from 0 to 3, where 0 represents no growth and 3 represented 
growth to confluency. \ 
Size Determination 
Determination of t he average cell diameter in combined fractions 
was carried out with a Coulter Counter Model F (Coulter Electron ics, 
Inc., Hialeah, FA). To analyze the requisite number of cells needed for 
each measurement, adjacent fractions were combined. 
RESULTS 
Between 0.6 and l.0 x 108 viable skin cells were processed in 
the Sta Put. After separation, approximately 50% were re-
covered as viable cells. Of these cells, 92% were in fractions 19 
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" Cells from various fractions were plated on collagen thin ge l coated 
Petri dishes and their growth was assessed a fter 2 weeks in culture. 
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through 30 (Table I). Siliconization of the sedimentation cham-
ber did not alter the distribution or number of cells recovered. 
Increasing the settling time in the chamber from l.5 to 2.5 hr 
markedly decreased the number of cells recovered and did not 
result in an increased number offractions containing significant 
quantities of cells (not shown). Therefore, we routinely allowed 
th e cells to settle for l.5 hrs prior to collection of fractions. 
Fractions with sufficient numbers of cells were both plated 
on collagen-coated Petri dishes for growth as monolayers and 
used as stimulator cells in the SLR. As shown in Table II, cells 
from fractions 24, 25, 26 and unseparated cells grew into colo-
nies, whereas cells from the other fractions did not grow. Cells 
from fraction 26 grew best but none of the fractions grew into 
confluent colonies as did unfractionated skin cells. Maintenan ce 
of skin cells in 2% BSA/PBS at 4°C for 4 hr (the length of time 
which elapsed between entry of cells into the Sta Put and 
seeding into culture plates) did not reduce t heir capacity to 
grow into confluent monolayers. As shown in Table III, cells 
from fractions 19-26 failed to stimulate proliferation of alloge-
neic lymphocytes and cells from fraction 27 were only slightly 
stimulatory. By contrast, cells from fractions 28 and 29 were 
mru·kedly stimulatory in the SLR. These results were reproduc-
ible in 3 separate experiments. 
The diameter of the cells in pooled adjacent fractions was 
determined with a Coulter counter (Table IV). The average size 
of the predominant cell in the fIrst pooled fraction was 40 /.I. and 
although the diameter decreased to 27 /.I. in the 10th fraction, 
there was little change from the 10th through 30th fractions. 
On examination with the light microscope, early fTactions 
contained cells with fairly compact nuclei and a small to mod-
erate amount of cytoplasm as well as cells with abundant 
cytoplasm resembling large squamous cells. Many cells were in 
clusters of 3-10 cells. Beginning with fractions 10-12, the aver-
age cell size was larger due to an increased proportion of 
cytoplasm. In some of these cells, the nucleus was reticulated 
and the nuclear-cytoplasmic ratio was decreased. These cells 
TABLE IV. Average diameter of the predominant cell in ea.ch 
fraction 
























TABLE III. Capacity of epidermal cells to stimulate allogeneic lym.phocytes 
Response of allogeneic lymphocytes (cpm) % of unsepa rated cell response 
Donor A SEM" Donor B SEW Donor A Donor B 
Stimulator ceLIs 
Fractions 19-21 1456 ±2229 1351 ±666 0 0 
22-23 1526 ±584 2099 ±252 0 6 
24 783 ±422 1648 ±832 0 0 
25 3099 ±1307 1384 ±324 0 0 
26 2317 ±598 1969 ±307 0 4 
27 5579 ±1500 3281 ±552 12 14 
28 15961 ±2112 9730 ±1737 104 86 
29 18116 ±2149 7191 ±407 123 60 
30 4171 ±2438 2270 ±739 0 7 
U nseparated cells 15462 ±1261 11008 ±2136 100 100 
" Standard error of the mean. 
Epidermal cells from various Sta Put fTactions were coincubated with lymphocytes li·om two umelated donors as responder cells. Lymphocytes 
incubated alone incorporated 4,224 cpm "H-T (Donor A) and 1,562 cpm "H-T (Donor B). In the one-way mixed lymphocyte reaction between 
Donor A and Donor B, Donor A responded to B with 35,900 cpm and Donor B Lo A with 29,495 cpm. 
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were more numerous in samples 13-18. In these fractions, the 
number of large squamous cells also increased progressively. 
Cell clumps were no longer conspicuous. Fractions 22- 24 con-
tained almost only cells with a reticulated nucleus and small 
nuclear-cytoplasmic ratio . Very few large, well differentiated 
squamous cells remained in these and subsequent fractions. 
Small lymphoid cells with a homogeneously stained nucleus 
and scanty cytoplasm appeared in fractions 25-27 for the first 
time and continued to be present in the last three fractions. 
On electron micrographs, fraction 24 contained many kera-
tinocytes with fllaments in a dense configuration around the 
nucleus (not shown) . On the other hand, fraction 29 contained 
fewer of these cells. The predominant cell type in this fraction 
was a keratinocyte with filaments in a more delicate arrange-
ment. Cells interpreted as lymphoid were found in fraction 29. 
These cells were relatively small with peripheral condensation 
of nuclear material and relatively sparse cytoplasm in which no 
tonofibrils were present. A melanocyte also was identified in 
fraction 29. However , LC with typical granules could not be 
identified in any of the fractions examined ultrastructurally 
(fractions 21-23, 25-29). 
DISCUSSION 
U sing velocity sedimentation, large numbers of epidermal 
cells were rapidly separated into functionally distinct fractions. 
This method reproducibly enriched for 2 cell populations-one 
growing as keratinizing colonies and another incapable of 
growth in culture but stimulatory in the SLR. Elsewhere [17], 
we report that epidermal cells cultured for greater than 1 week 
lose the capacity to stimulate in the SLR and similarly both 
the synthesis and expression of HLA-DR on the cell surface 
disappears. Unresolved in these experiments was the question 
of whether DR antigens were lost from growing cells or whether 
the DR positive population simply failed to grow. The current 
results suggest that epidermal cells capable of growth into 
colonies lack HLA-DR antigens. Also, these results clearly 
indicate that only a small fraction of keratinocytes are capable 
of proliferation, in vitro, as reported previously [14]. 
Interestingly, cells in fmction 26 (the cell fraction capable of 
best growth) did not grow to confluence as well as unseparated 
celis, a difference in growth capacity which does not appear to 
be due to maintenance of the cells under the conditions found 
in the Sta Put. This result which was reproducible suggests 
that cells from other fraction(s) are needed for optin1al growth. 
However, we cannot rule out the possibility that during sepa-
ration the cells are injured in some way and that this accounts 
for the decreased growth potential of fraction 26. 
The predominant keratinocyte in the fraction capable of 
stimulation in the SLR was easily distinguished by electron 
microscopic examination from the predominant keratinocyte 
found in the fraction that supported growth of keratinizing 
colonies. The keratinocyte in the latter fmction demonstrated 
dense clumps of tonofllaments. The keratinocyte in the former 
fraction demonstrated tonofilaments which are scant and dif-
fusely arranged. Melanin granules are relatively frequent in the 
cytoplasm of these cells which suggests that in situ, they are 
basally situated cells. Lymphoid cells and melanocytes were 
also seen in the fraction capable of stimulation in the SLR. 
It seems likely that the lymphoid cells found in fractions 28 
and 29 act as stimulator cells in the SLR although keratinocytes 
predominate in these and all other fractions. The possibili ty 
exists that some of these cells migl"ated to the skin from the 
periphel"Y. However, skin cell suspensions stained with a pan-T 
lymphocyte monoclonal antibody and with antibody to the mu 
heavy chain present on B lymphocytes failed to reveal positively 
stained cells (Morhenn, V.B., unpublished data) . Alternatively, 
these cells may have been LC which are reported to be potent 
stimulators in the SLR [18,19]. Since Birbeck granules were not 
detected in these lymphoid cells with the electron microscope, 
it is conceivable that LC lose their characteristic granules after 
the described in vitro manipulations and thus cannot be rec-
ognized as LC by ultrastructural parameters [20]. On the other 
hand, we cannot exclude the possibility that a small subpopu-
lation of keratinocytes or the small number of contaminating 
endothelial cells (Morhenn, V.B., in press) in these preparations 
are responsible for at least some of the stimulation of allogeneic 
lymphocytes in the SLR. 
Although velocity sedimentation separates mononuclear leu-
kocytes and sheep erythrocytes primarily on the basis of size, 
the separation of epidermal cells as determined by light mi-
croscopy is not as clear-cut [13]. Small round cells, probably 
small keratinocytes, are found in all fractio ns. Nonspherical 
squamous cells which are much larger than the round cells 
found in fractions 1-9 do not sedin1ent as rapidly and are found 
mainly in fractions 13- 21. Probably, the numerous cell clumps 
in fractions 1-12 shifted the Coulter counter measurements to 
a larger average cell diameter. Although the shape of cells is 
not thought to affect their sedimentation velocity significantly, 
it is conceivable that large squamous cells are sufficiently non-
symmetrical so as to sedin1ent more slowly than the sedimen-
tation velocity calculated from their radius [13]. Alternatively, 
the high keratin content of large squamous cells may affect 
their density to such a degree that the sedimentation velocity 
is reduced. 
The growth of keratinocytes in culture is notoriously variable 
(Liu, S-C., personal communication). Therefore, it is difficult to 
study the effect of drugs on keratinocyte proliferation, espe-
cially if the effect is a stimulatory one. The technique demon-
strated here should make testing of the effects of drugs on 
keratinocyte cultures more reproducible since it provides a 
method for obtaining a more homogeneous starting population. 
Also, using velocity sedimentation, fractions of keratinocytes 
incapable of growing in culture can be obtained and the capacity 
of certain drugs or injury to stimulate these cells to divide can 
be ascertained. Further, by mixing cells from various fractions 
in culture one can determine whether the large, more differen-
tiated keratinocytes and/ or the fractions containing lymphoid 
cells have an inhibitory or stimulatory effect on those kerat in-
ocytes which are capable of proliferation. Finally, this fraction-
ation procedure may represent a useful technique for enriching 
the skin associated lymphoid cells. Experiments are in progress 
to further explore these possibilities. 
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